This retrospective, observational study was designed to analyse recent trends in the age distribution of westernized persons in South Korea with common bile duct stones (cholesterol, brown and black stones). Data on 253 patients who had received endoscopic surgery at a tertiary referral hospital in Daegu, the third largest South Korean city, were used to investigate the relationship between the numbers of patients with different types of common bile duct stones and age. There were strong correlations between age and the frequency of the three different types of common bile duct stones. The frequency of cholesterol stones decreased exponentially with increasing patient age, whereas the frequency of brown stones increased exponentially. Patients with black stones showed a Gaussian-like age distribution. Thus, the age-dependency of the frequency of these three common types of bile duct stones differed from one another within this patient population.
Introduction
Gallstone disease is a serious problem in Asia. 1 -14 It is commonly accepted that age is a prominent factor in gallstone formation, and that there are differences between young and old patients in terms of the pattern of gallstone disease. 15 It has been observed that these differences are more marked in recent Korean urban societies, in which there is a conspicuous cultural gap in diet between young and old generations. In 2004, Park et al. 14 reported that, in Korea, patients with common bile duct stones were older than those with gallbladder stones or intrahepatic stones. The prevalence of gallstones is also correlated with geographical and ethnic variations. Diehl et al. 16 reported that patients in the USA with cholesterol stones were younger than those with pigment stones. Experience shows that the frequency of cholesterol stones is increasing among young people in Korea. 12, 14 The purpose of the present study was to analyse this phenomenon in order to identify, by age group, the patient populations in South Korea most likely to have the three JH Choi, NL Kang, SD Choi Bile duct stone distribution in urban South Koreans different types of common bile duct stones (cholesterol, brown and black stones). As the data in the present study only included those obtained by endoscopic retrograde cholangiopancreatography in patients with common bile duct stones, it was not possible to make a full comparison with previous studies, particularly that of Park et al., 14 which also evaluated the frequency of gallbladder and intrahepatic duct stones in the Korean population.
Patients and methods

PATIENTS AND ASSESSMENTS
In this study, data were collected between January 2004 and July 2006 from patients who had undergone endoscopic surgery at a tertiary referral hospital, the Daegu Catholic University Hospital in Daegu, the third largest city in South Korea. As it was a retrospective observational study, ethics approval and formal written informed consent from patients were not required.
Data on bile duct stones were collected from patients with pancreaticobiliary disorders (cholangitis, pancreatitis, etc.). Only those patients who had common bile duct stones (cholesterol, brown or black stones) and for whom full data were available, i.e. patient age and type of stone, were included in the analysis. Only those data on the type of common bile duct stones collected using endoscopic retrograde cholangiopancreatography were included. Cases of common bile duct stones were classified as either primary (arising de novo in the bile ducts) or secondary (formed in the gallbladder and subsequently migrated into the bile duct).
STATISTICAL ANALYSIS
Correlations between patient age (X) and the frequency of patients, as a percentage of the total number of patients with common bile duct stones included in the study, who had either cholesterol (Y CH ), black (Y BL ) or brown (Y BR ) stones were tested by regression analysis.
Results
Data on the types of common bile duct stone determined by endoscopic retrograde cholangiopancreatography were collected and analysed. Data from three patients in their 20s, all of whom had cholesterol stones (data not shown), were excluded. In addition, few data could be obtained on patients in their 80s and these patients were excluded from the analysis. The classification of stones in many female patients was unclear and they were also excluded from the analysis. This resulted in the inclusion of 253 patients, with a biased gender distribution of 107 females and 146 males (female to male ratio of 0.73), aged 31 -80 years (median 63 years). There was, however, no noticeable gender effect in terms of the number of common bile duct stones that were found (female to male ratio in the number of stones, 1.11) for all patients on whom data were collected, including those not included in the final data analysis and this aspect was not, therefore, considered further.
The distribution of types of common bile duct stones according to patients' age is shown in Table 1 . All cases in this study with cholesterol stones were classified as secondary; no cases with primary cholesterol stones were recorded. Patients with pigmented stones (brown or black stones) comprised cases with both primary and secondary stones, although no patient had more than one type of stone. Strong correlations were found between patient age (X) and the percentage of patients with the three different types of common bile duct stone. For cholesterol stones (Y CH ), a strong negative correlation was found between X Bile duct stone distribution in urban South Koreans and ln(Y CH ) (r = −0.99), where ln(Y CH ) is the natural logarithm of the number of cases of Y CH , indicating that ln(Y CH ) decreases as X increases. Using the least squares method, the relationship obtained was ln(Y CH ) = 6.217 − 0.0585X, which can also be written as the first equation shown in Table 2 , where exp(X) denotes the exponential of X. This relationship shows that the frequency of cholesterol stones decreased exponentially with age. From this equation, the frequency of patients with cholesterol stones was found to be 50% at approximately 39 years of age. For brown stones, there was a strong positive correlation between X and ln(Y BR ) (r = 0.95). The value of Y BR increased exponentially with X ( Table 2) . From this equation, the frequency of patients with brown stones was found to be 50% at approximately 67 years of age. The distribution of black stones was Gaussianlike, with a peak around 55.16 years. The coefficient of correlation between (X − 55.16) 2 and ln(Y BL ) was r = −0.96 ( Table 2) .
The regression curves for the three different kinds of stone are shown in Fig. 1 . The curve for the total number of stones (not shown) was almost symmetrical around the lowest point at approximately age 55 years. The total frequency of patients at each age group with cholesterol and brown stones was similar for all age groups, since the frequency of cholesterol stones was high in the young age groups and declined with age whereas the frequency of brown stones was low in the young age groups and increased with age; the frequency of patients with black stones was almost symmetrical with 
Discussion
The present study evaluated the agedependence of the distribution of different types of common bile duct stones in patients in South Korea who had undergone endoscopic surgery. Data on intrahepatic and gallbladder stones were not included. Marked differences were found between young and old people in terms of the type of common bile duct stone observed. The frequency of patients with brown stones was greater among elderly people than in the young age groups, whereas the frequency of patients with cholesterol stones was greater among the young age groups. The dietary patterns of young people in South Korea have gradually become more westernized since their childhood and it is unlikely that the present diet will change substantially. Consumption of meat and dairy products is currently increasing in South Korea, especially in urban areas. It is commonly accepted that a westernized lifestyle is partly responsible for the dominance of cholesterol stones in young persons. 17 In conclusion, the present study found that cholesterol and brown stones were predominant in young and old generations, respectively, while black stones showed a normal distribution over the entire age range studied. The people living in the area of South Korea included in the present study have a lifestyle similar to those living in the Seoul metropolitan area. Thus, it could be assumed that the results from the present 
